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µ ¶,·c¸U¹,ºo»°¼Y·�½R¾�¿�À
Á�Â2Ã�Ä�ÅYÆ	ÇHÇoÈ�ÄuÉnÊHÇHÇ^Æ�Ë�ÊHÈ�Ì�Ä�Í6ÌoÉeÂ2Î�È�Ë�ÎeÈ�Ì�ËeÏ2Ì2Ã�ÊHÄ�Ð�ÊHÑ�Ã�ÌLÒ6Í

Ó,Ô�Õ×Ö Ø�Ù�Ú�ÛÜ�ÝßÞtàá Þãâ�äå Õ æ�çnè ÞUéê çyëmìí î é ïð Â2Ã�ÎeÃ ä ÊlÄ�ËeÂ2Ã�Ñ�È�ÇlËnÆ�Ð�Ã,È�ñcÆLÄ�ÊHÌ2Ð�ÇHÃIò�ó%Ä�Í6ÄeË�Ã�Å ð ÊHË�Â(ÂoÆ�ÎeÅ/È�Ì2Ê^É�Ì6Ï2Å�ÒoÃ�Î Ù�ô�ÚõÛ ÊHÄË�Â2ÃRÄ�ÇHÊHö�ñ¦Æ�ÉnËeÈ�Î ô à Æ�Ì�÷ á Æ�ÎeÃIËeÂ2Ã/ÉeÂoÆ�ÎeÐ�Ã/Æ	Ìo÷�Ì6ÏoÉ�ÇlÃ�È�Ì5ÉnÈ�Ï2Ì6ËeÄ,È�ñcÆ�Ì(ÊHÈ�Ì ð ÊHË�Â5Æ�ÌÆ�Ñ�Ã�ÎnÆ�Ð�ÃcÅYÆ	Ä�ÄEÈ�ñ å Õ ö�Ã�Î�Ì6ÏoÉnÇHÃ�È�Ì ô Æ	Ìo÷ ê Æ�Ìo÷ è Æ�ÎeÃ�Î�Ã�Ç^Æ�ËeÊHÑ�ÊHÄeË�Ê^É�ñ¦Æ�ÉnËeÈ�ÎeÄ ø�ùUÍY÷6ÊHÎ�Ã�ÉnËÆ�ÌoÆ	ÇHÈ�Ð�Í ð ÊHËeÂ�Ë�ÎnÆ�Ì2ÄeÑ�Ã�ÎeÄ�Ã�ö2ÂoÆ	Ä�ÃRÄ�öoÆ�ÉnÃRÌ2È�ÅLÃ�ÌoÉnÇ^Æ�ËeÏ2Î�Ã ô ËeÂ2Ã�Æ�Ä�ö�Ã ÉnË�ÎuÆ�ËeÊHÈ�È�ñúÆ�Ä�ÅYÆ	ÇHÇÒ2Ï2ÌoÉeÂ5ÊHÌ(ÇlÈ�Ì2Ð�ÊHËeÏo÷6ÊHÌoÆ�Ç�ö2ÂoÆ	Ä�Ã/ÄeöoÆ�É�Ã î¦û2üný�þoÿ�þ ï ÊHÄ,Ð�ÊHÑ�Ã�ÌFÒ6Í�ËeÂ2Ã/ÇHÈ�Ì2Ð�ÊHË�Ï�÷6ÊHÌoÆ�Ç�ÒoÃ�ËnÆñNÏ2ÌoÉ�Ë�ÊHÈ�Ì ê�� ô ê ��� � ���� ÿ�þ Ö �Ü�Ý�Þ ÚõÛÓ ÔeÕ î Ü ïð Â2Ã�ÎeÃ � ÊHÄ�ËeÂ2Ã�ÅYÆ�ÉeÂ2ÊHÌ2Ã�ÉnÊHÎuÉnÏyÅ�ñNÃ�ÎeÃ�ÌoÉnÃ,Æ	Ìo÷ � � ÊHÄ�ËeÂ2Ã�Î�ÅLÄ�Ò2Ï2ÌoÉeÂmÇHÃ�Ì2Ð�Ë�Â�ø�ó�ÊHÌoÆ�ÇHÇHÍ ôË�Â2ÃEÅYÆ	�2ÊlÅRÏ2Å%Ñ�Æ�ÇHÏ2ÃEÈ�ñ�Ë�Â2ÃEÈ�
�¦ÅLÈ�ÅLÃ�Ì6Ë�Ï2Å*ö�Æ�ÎuÆ	Å/Ã�ËeÃ�Î�� Ö ý�þ�ÿ�þ È�ÌRË�Â2ÃEÄ�Ã�ö�Æ�ÎuÆ	Ë�ÎeÊ��ÊHÄ�Ð�ÊlÑ�Ã�ÌmÒ6Í � � Ô�� � Ö �Ý ê � Ö Ü Ó,ÔeÕÙoÚ Û î�� ïð Â2Ã�ÎeÃ � Ö�� ÿ Ù Ö ������� Þ ������ÿ6î������ �"! ï Ö é Þ � Ü é Å¢ÊHÄ�Ë�Â2Ãmòcó ð Æ�Ñ�Ã�ÇHÃ�ÌyÐ�Ë�Â5È	ñúËeÂ2ÃÄ�ËeÈ�ÎuÆ	Ð�Ã�Ä�Í6ÄeË�Ã�Å(øÁ�Â2Ã�É�Æ�ÄeÃYÈ	ñ�ÊHÌ6Ë�Ã�ÎeÃ�Ä�ËLÊHÄ�Ð�È�Ç^÷(ÊHÈ�ÌyÄIÊHÌ%Ä�ËeÈ�ÎuÆ	Ð�Ã�Æ�ËRË�È�ö%Ã�Ì2Ã�ÎeÐ�Í ô ð Â2Ã�Ì à Ö !�# ôá Ö é #�! ô å Õ,Ö � Þ #�� é�é �%$ Ã'& ÿ É ç ô è Ö é ��� Þ ��#�� ô Æ�Ìo÷ ÚõÛ Ö é Þ � Ü � � é ��() ø+*tÌ(Ë�Â2ÊHÄÉ�Æ�ÄeÃ
Ó,Ô�Õ Ö � Þ é !�� � é � (,) Ø ä -�.0/�132 &+4� Þ � ë ìí î5� ï� � Ô�� � Ö é Þ � é �%� é � (,) Ø � Þ �ä -�.0/�132 &+4 ë ìí î�� ïð Â2Ã�ÎeÃ�Ë�Â2Ãm÷6Ã�ö�Ã�Ìo÷6Ã�Ì�ÉnÃmÈ�Ì(Ñ�È�ÇHËnÆ�Ð�ÃRÊHÄ,Ã0�2ö2ÇHÊ^ÉnÊHË�ÇHÍmÎ�Ãnñ�Ã�Î�ÎeÃ ÷±Ë�È ä -�.6/ Ö � Þ � 2 & ô ËeÂ2ÃÌ2È�ÅLÊHÌoÆ�Ç2Ñ�Æ	ÇHÏ2ÃcËeÂoÆ�Ë�ÊHÄ�ÊHÅ/ö2ÇHÊ^ÉnÊHË�ÇªÍIÆ�ÄeÄ�Ï2ÅLÃ ÷�ñNÎ�È�Å�Â2Ã�ÎeÃ,È�Ì�ø7 ÉnÈ�Ì�ÉnÊHÄ�Ã�÷6Ã�ÄnÉnÎ�ÊHö2ËeÊlÈ�Ì©È	ñcË�Â2Ãm÷6È�Ï2ÒyÇlÃ/ò�ó*ÄeÍ6Ä�Ë�Ã�Å�ÊHÄIÐ�ÊlÑ�Ã�Ì(Ò�Í©Æ98cÆ�ÅLÊHÇlËeÈ�Ì2Ê^Æ	ÌË�ÂoÆ	Ë�ÊHÄ�öoÆ	ÎuÆ	Å/Ã�ËeÃ�Î�Ê;:�Ã ÷LÒ6Í/ËeÂ2Ã�Ä�ËeÈ�ÎuÆ	Ð�ÃIò�ó=<�ÏoÆ�Ì6Ë�ÊHËeÊlÃ�Ä Ó,Ô�Õ Æ�Ì�÷ � � Ô�� �> îlþ�ü6? ï Ö î Ü�Ý Ó Ô�Õ ï çA@ éÜ þ ç"B î éDC ÉnÈ�Ä îE? ïeï B !GFEî éDC É�È�Ä î ? ! ï�ïEH î�� ïI Ì2Ã,É�Æ�Ì2È�Ì2Ê^É�Æ�Ç�É�È�È�Îu÷6ÊHÌoÆ	Ë�Ã,ÊHÄ ? ô ËeÂ2Ã,òcó5öyÂoÆ�ÄeÃ�È	ñ ËeÂ2Ã é #�! 2 8+: î Ä�Ë�È�ÎuÆ	Ð�Ã ï ÄeÍ�ÄeË�Ã�Å ôÆ�Ìo÷�Ë�Â2Ã�È�Ë�ÂyÃ�Î�ÊHÄ þ ô Ë�ÂyÃ,ÄuÉ�Æ	ÇHÃ ÷LÈ�
�¦ÅLÈ�Å/Ã�Ì�ËeÏ2Åãö�Æ�ÎuÆ	Å/Ã�ËeÃ�Îþ Ö ÜKJL� ÿ � � Ô�� ��M î�! ïÜ



N+O�P%PRQ�S,T�UWV;X�Y�Z+X\[�]^X�U�V;X�Y_X\[�UWO�V;Z+Z�`�Z�UWP']aT�bWPcRdc\e f g^hih,j k g"l�m�npo qWr'sut Z�V;Y l j swvyx Z�V;Y l�j z{s�s5| l�}�sc jc\e f hih d k l�m�npo qWr s d l�~�s� O�P'bWP_U�V;]^P�� e �pV;Z%]^P�T�Z�S�b�PR�9V;Y"UWS�b�Y�Z��^�GQ�S,T\U�V;X�Y }^� X�Y��,bW]^Z%U�O,T\U x V;Z�UWO�P_Z � T��;PR�� X���U0T���PuX�[�U�O�P m�}_���+��l T �'� P'�;P'b0T�UWV�X�Y s ZW`�Z�U�P�]
x k ���W�����0�

� ��� }� � � k ������ �  l ��� s¡�UuO,T\Z�T¢]wT�£�V;]�S�] � T��;S�P X\[ x k ������ �  l � O�P'Y ���W� k ��� }��¥¤ s
UWO,T�U¦]wT�`§X�Y��;`^¨P© X�Z�ZWV�¨���P¦V;Y © S��;Z�PR�ª��T�Y,�¢Y�X�UDV;Y^«D¬��X © P�b6T�UWV;X�Y"® �W¯ �°¡�U±V;ZDb�PRT\Z�X�YT�¨��;P�T\Y,� � X�Y�ZWP'b � T	²U�V � P¦U�X_P0£ © P � U%T_«D¬ � T��;S�P%X\[ x k ���;� �¡�Y�Z © P � UWV�X�Y�X�[�U�O�P%PRQ�S,T\U�V;X�Y�Z+X�[G]^X�U�V;X�Y�V;YwUWO�P%�;V�]§V;U�X\[GZ�]wT\�;� j ZWO�X � Z+U�OT�Uo q�r lEx�s k o q�r l � sD³ � v xzª´%µ¶ l ��� sZ�X¥U�OT�U%U�O�P�Z�`�Y � O�bWX�UWb�X�Y=UWS�Y�P_V;Y � bWPRT�ZWP'Z X�Y��;`�Z��;V;��O�U��;`���¨�`��;P'ZWZ�UWO,T�Y m�· T\U%]^X�ZWUR�N+O�P ]§X�]^P�Y¸UWS�] � V¹��UWO�X�[GU�O�PA]¥T � bWX�²�¨�S �Wº P'U¦Z�P © T�b6T\U�bWV�£»V�Z¦X�¨�U0T�V;Y�PR�¼¨¸`¥PRQ�S,T\U�V;Y��U�O�P � T��;S�P¦X�[�UWO�P � T\]^V;�;U�X�Y�V½T\Y i l d¿¾ j s T\U±V;U�ZDS�Y�ZWU6T\¨��;Pu��£�P�� © X�V;Y�UR� � V;U�O§U�O�P � T��;S�PT�UDU�O�P � V½��P'Z�U © T\b�U+X\[�U�O�P ¨�S �Wº P�U

i l � ¾0À%z nps k i l�Ád°¾ � s l � m�sT�Y,�¢Z�X�� � V;Y��Â[ÃX�b Ád �GÄ�S�¨�Z�UWV;U�S�UWV�X�Y¥X�[Å�{Q�Y�Z���T�Y,� z b�P � PRT\��Z+UWO,T�UÁÆ qWÇ¹È lEx�s k Á Æ qWÇ¹È l � sl � v z x�s µ¶ � m �3É m �ÂÊ ����ËÌ l ��  sZ�O�X � V;Y��+UWO,T�U�UWO�P±]¥T � bWX�²�¨�S �Wº P�U � T\YA¨PÍT\Z�]_S � OAT�Z   ~�· � V¹��P�b�V;Y ]§X�]§P'Y�U�S�]ÎUWO,T�YT�Y,T º PR�¥ZWU�X�b0T���P ¨�S �Wº P�UR�%Ï¿V;��S�b�P � ��V;Z © �¹T�`�Z+U�O�P �;X�Y���V�UWS,��V;Y,T\� © O,T�ZWPAZ © T � PA¨P'O,T � ²V;X�b+X�¨�Z�P'b � PR�»¨�`¥U�O�P�Z�V;]_S��¹T\U�V;X�Y � X���P�Nu��Ð%ÑGÒ¦N � O�P'Y x k ���;�R �  ��V�Y��P © P'Y,��P'Y�UW��`� X�Y��,b�]§V�Y�� U�O�P Q�S,T\Y¸UWV;U6T�UWV � P © b�PR��V � UWV;X�Y�Z¦]wT���P�T�¨X � P��

 



-10 -5 0 5 10
Distance from storage bucket center, z (m)

-4

-3

-2

-1

0

1

2

3

4

O
ff 

m
om

en
tu

m
 p

ar
am

et
er

 δ
 (1

0-3
)

Storage: longitudinal phase space with both RF’s on
nx=ny=0.1, V197=6MV, V28=0.8MV
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Maximum off-momentum-parameter, δ (10-3)
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Storage: Dependence of dynamic aperture on δ (max)
Set ny=0.1 and vary nx (track for 24K turns)

test particle is LOST
test particle is STABLE
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